T rauma occurs in approximately 5% of pregnancies. Several overriding principles exist: maternal physiology changes significantly with pregnancy, and these changes are initiated in the first trimester; fetal risks from radiation and medication exposure are highest very early in pregnancy, before the patient herself may be aware of the pregnancy; fetal viability is possible after 23-24 wks. After this point, the physician must make decisions based on two patients; in general, good treatment for the mother is good for the fetus; a fetus does not tolerate hypoxemia or hypovolemia; fetal distress is manifested by fetal tachycardia, loss of variability, or recurrent fetal heart rate decelerations.
This article will not address the many critical care issues relating to pregnancy alone but will merely focus on those issues associated with a combination of pregnancy and trauma. Many physiologic and anatomic issues of pregnancy can affect both the mother and fetus after traumatic injury.
Trauma management in the pregnant patient is a multidisciplinary approach involving trauma surgeons, emergency medicine physicians, emergency medical technicians, obstetricians, other specialists such as neonatologists, other specialists treating trauma conditions, and the nursing staff. The obstetrical services brings expertise in assessment of the gestational age, fetal monitoring, maintenance of uterine blood flow, calculation of radiation exposure, medication use, and decisions regarding emergency cesarean delivery.
INCIDENCE AND ETIOLOGY OF INJURY
Trauma registry data reveal that the incidence of pregnancy complicating trauma ranges from 4.6% to 8.3%; conversely, trauma complicated one in 12 pregnancies (1). Trauma is one of the leading causes of death in women of child-bearing age. The etiology of maternal trauma is most often motor vehicle accidents (55%), followed by falls (22%), assaults (22%), and burns (1%) (2) . Younger gravid patients are at a higher risk for trauma than older ones (3). Fetal deaths have a different etiology: motor vehicle accidents (82%), gun shot wounds (6%), and falls (3%), with maternal death accounting for 11% of the fetal deaths (4). Guth and Pachter (5) reported that 10% to 30% of women are exposed to significant physical abuse during pregnancy, with an associated 5% rate of fetal death (6 -12) .
Certain factors are predictors of fetal loss following trauma (13) ( Table 1) . A high injury severity score, elevated base deficit, high abdominal or thoracic abbreviated injury score, and abnormal uterine activity were all associated with an increased risk of adverse fetal outcome. A normal base deficit, lower injury severity score, lack of abdominal or thoracic injury, and normal uterine activity were associated with increased rates of fetal survival. Given that motor vehicle accidents are the leading trauma-related cause of both maternal and fetal death, proper maternal seat belt use should be encouraged; typically, only 46% of pregnant trauma patients are restrained during motor vehicle accidents (13) . In part, this may be due to maternal fears and concerns that seat belt use can harm the pregnancy; these fears should be directly addressed. Correct placement of the lap belt is under the pregnant abdomen, and the shoulder harness should be placed between the breasts (14 -17) . Placement of the lap belt over the dome of the uterus increases uterine and fetal injury. As pregnancy progresses, unrestrained trauma becomes even more concerning as the gravid uterus rises to a level that enables impact with the lower edge of the steering wheel.
Not surprisingly, trauma during pregnancy is associated with an increased risk of poor pregnancy outcome. Pregnant trauma patients are more likely to be younger, to misuse alcohol or other substances, and to be a victim of repetitive domestic abuse, placing them at increased risk of pregnancy complications such as preterm labor and low birth weight. Fetal loss after trauma often follows prolonged maternal hypotension or hypoxemia, placental abruption, uterine rupture, direct trauma to the uterus, or maternal death. Although life-threatening trauma accounts for Ͻ8% of the total trauma in population-based studies, it is associated with a 40% to 50% risk of fetal loss. Fetal loss is more likely with increasing trauma severity, and in instances of severe trauma a catastrophic loss of either or both patients may be unavoidable. In patients with a viable pregnancy, both fetal and uterine monitoring are important to gauge the direct effects of maternal injury and hemodynamic status. Although uterine activity is common following trauma, increasing uterine activity can signal preterm labor or placental bleeding. Fetal loss is much less common with minor injuries (1%-5%), but these injuries are much more common than life-threatening trauma. As a result, the majority of fetal losses follow relatively minor trauma.
PREHOSPITAL ISSUES
Paramedics should seek information regarding pregnancy from female patients of child-bearing age. A distended abdomen may be due to a gravid uterus or intraabdominal bleeding. Pregnancy should prompt positioning of the patient in the lateral decubitus position (left or right) to avoid compression of the vena cava by the uterus and resultant hypotension. Should the emergency medical technician suspect a spinal fracture, a left lateral tilt position can be utilized. Oxygen supplementation by nasal cannula or face mask should be routine. In the event that prehospital transfusion is required, O-negative blood should be used whenever possible. Emergency medical services that still use the Military AntiShock Trousers (MAST) should be aware that it is contraindicated to inflate the abdominal portion of this device for pregnant women. Not only can this maneuver cause reduced uterine perfusion but it also can increase the cardiac workload.
EMERGENCY CENTER ISSUES
Evaluation of a pregnant trauma patient requires a multidisciplinary team, involving the trauma surgeon, obstetrician, pediatrician, appropriate nurses, and radiology and laboratory personnel. This team should be alerted by the hospital's triage team and should all be expected to appear and to share in the consultation and treatment. The clinician should perform all necessary tests and procedures on the mother that are indicated, to include radiologic imaging, intubation, central venous access, ultrasonographic evaluations, and even diagnostic peritoneal lavage (with use of a periumbilical approach or open lavage).
Examination
Physical Examination. The physical examination for the pregnant trauma patient is identical to that for any trauma patient, with additional consideration given to specific pregnancy-related findings. The primary and secondary survey recommended by the American College of Surgeon's Committee on Trauma's Advanced Trauma Life Support Course apply. Determination of the presence of a pregnancy and estimation of the gestational age can be made from both historical information from the patient and family and from the location of the uterine fundus. Gestational age can be roughly estimated by the location of the uterine fundus (Table 2 ). An estimated gestational age of Ն24 wks should prompt immediate uterine and fetal monitoring under the direction of the obstetrics service.
The secondary survey must involve an early rectal and vaginal examination specifically to assess the cervix for effacement and dilation, fetal position, and the presence of blood and/or amniotic fluid. If vaginal bleeding is present in the second or third trimester, cervical examination should be deferred until placenta previa is excluded. Vaginal bleeding before labor is abnormal and may be a sign of preterm labor, placental abruption, placental previa, or even uterine rupture. The consulting obstetrician will aid in the assessment and differential diagnosis. Focused abdominal sonography for trauma (FAST) is especially useful in patients with blunt trauma. In pregnant patients, it has 83% sensitivity for detecting intraperitoneal fluid (7). In addition, focused abdominal sonography for trauma can demonstrate a previously undiagnosed intrauterine pregnancy.
Laboratory. As for all trauma patients, laboratory panels are often ordered by protocol. The clinician should be aware of "normal" laboratory values during pregnancy ( Table 3 ). Note that it is normal to have an elevated white blood cell count, slightly elevated arterial pH, decreased serum bicarbonate level and arterial PCO 2 , and increased fibrinogen level. The finding of a normal nonpregnant value for PCO 2 or fibrinogen in the pregnant patient is especially concerning. The Kleihauer-Betke test can be used to determine whether fetal blood has entered the maternal circulation (fetomaternal transfusion). Fetal red blood cells containing fetal hemoglobin are identified by erythrosine staining; maternal red blood cells remain unstained (ghost cells). The Kleihauer-Betke test can be helpful in Rh-negative mothers to roughly quantify the volume of maternalfetal hemorrhage. All Rh-negative patients with a positive test should be treated with Rh-immune globulin (300 g initially and an additional 300 g for each 30 mL of estimated fetomaternal transfusion) to reduce the risk of isoimmunization. Positive tests should be repeated in 24 -48 hrs to investigate continuing fetomaternal hemorrhage. The clinical utility of Kleihauer-Betke testing in Rh-positive mothers is uncertain, and the test should not be ordered routinely in this population.
Imaging. Often clinicians are reluctant to obtain diagnostic images of injured pregnant women and thus expose the fetus to ionizing radiation. However, it is critical that this discomfort not result in the avoidance or delay of critical imaging procedures. The American College of Obstetrics/Gynecology clearly states that radiation doses of Ͻ5 rads are not associated with an increase in pregnancy loss or fetal abnormalities. If a diagnosis of pregnancy is made before imaging, the uterus should be shielded as much as possible. There is a small increased risk of childhood leukemia with in utero radiation exposure, and the absolute risk is estimated to be 1 in 2,000. With the newer, faster computed tomography scanners, especially with multiple and repeated computed tomography, radiation dose may actually be greater than with older imaging tactics, and the clinician must be cognizant of this potential increased exposure. Patients' attitudes may reflect anxieties that are disproportional to actual risks.
Fetal Monitoring
Fetal monitoring devices traditionally evaluate both fetal heart rate and uterine activity; the guidelines for initiation of fetal monitoring are outlined in Table 4 . Fetal status should be directly monitored by the obstetricians and obstetrical nurses, who may be called to assist in the emergency department, operating room, and intensive care units (1, 18, 19) . In addition to fetal status, monitoring can detect signs of premature labor, defined as recurrent uterine contractions resulting in cervical change. Premature labor complicates approximately 25% of trauma cases after 22-24 wks of gestation. When premature labor occurs, the patient can be treated with tocolytic agents, such as intravenous magnesium sulfate, as well as intramuscular betamethasone to promote fetal lung maturity.
INTENSIVE CARE UNIT ISSUES
Pregnant women who have sustained trauma (with or without undergoing an operation) often arrive in an intensive care unit for continuing care. The issues of maintaining fetal viability continue in the intensive care unit, and all emergency center issues apply. The intensivist must be aware of normal alterations in maternal-fetal physiology as well as abnormal conditions unique to pregnancy, including preeclampsia and gestational diabetes. After miscarriage or delivery, issues such as retained placenta, postpartum hemorrhage, and uterine infection can impact recovery.
Discussion of these issues is beyond the scope of this document, but they must be considered when caring for a pregnant or recently postpartum patient. However, one key issue affecting all pregnant patients is the increased risk of both deep venous thrombosis and pulmonary embolus. Alterations in clotting factors secondary to pregnancy, increased venostasis in the lower extremities, and endothelial injury secondary to trauma or infection cumulatively result in a significant risk of thrombosis. Protocoldriven prophylaxis for deep venous thrombosis is encouraged.
CONSIDERATIONS FOR ETIOLOGIES OF TRAUMA AND OTHER CONDITIONS

Blunt Trauma
Before 13 wks of gestation, the uterus is protected by the bony pelvis. Fetal loss in the first trimester is not secondary to any direct uterine trauma but usually is due to maternal hypotension, with hypoperfusion of the uterus and its contents or the mother's death. Direct fetal injury is extremely rare following blunt trauma, complicating Ͻ1% of all significant maternal trauma. Uterine rupture following blunt trauma is also rare, occurring in 0.6% of cases of blunt trauma during pregnancy. Pelvic fractures are specific challenges because hemorrhage from the many dilated venous tributaries can cause significant retroperitoneal blood loss. Pelvic fractures are the most common trauma resulting in fetal death, at a rate as high as 25% (20) .
Pelvic fracture is not a definite contraindication to vaginal delivery, even in the setting of mild displacement. Beyond 20 wks of gestation, the myometrium is more elastic, but the placenta is not elastic. Blunt trauma results in a shearing of the tissues at this interface, potentially resulting in placenta separation and bleeding (abruption). Placental abruption, which occurs in 40% to 50% of cases of significant trauma, can occur without significant vaginal bleeding but is usually accompanied by regular uterine contractions. Coagulopathy and fetal loss are both potential and serious complications of abruption. The negative predic- 
Penetrating Trauma
By the middle of the second trimester, the uterus provides significant protection from anterior penetration. Stab wound injuries are less likely to result in maternal bowel injury. However, upper abdominal stab wounds can result in more complex bowel injury because of bowel displacement. On the other hand, gun shot wounds to the abdomen result in fetal injury in up to 70% of such cases, and 40% to 65% of these fetuses die (23). It is rare for a projectile to clear the posterior wall of the uterus; therefore, the maternal viscera are often spared. Tetanus vaccination is safe in pregnancy and should be given according to the usual protocol.
Cesarian Section
Emergency cesarean section performed at Ͼ25 wks of gestation for specific indications following trauma is associated with 45% fetal survival and 72% maternal survival (24) . Perimortem cesarean section is an extremely emotional and often futile exercise and should only be considered for gestations Ͼ24 wks. If the mother has had cardiopulmonary resuscitation for Ͼ4 -5 mins, perimortem cesarean section is unlikely to result in a viable normal infant. Therefore, although supporting data are limited, consideration should be given to performing emergency cesarean delivery after 4 mins of cardiopulmonary arrest, both to increase the chances of fetal survival and to aid effective maternal resuscitation. In cases of emergency center thoracotomy, recall that the aorta is often crossclamped, further adding to the time of uterine hypoperfusion and decreasing the likelihood of a favorable outcome.
Prevention Strategies
Prenatal care is essential for optimal outcomes for the pregnant patient and the infant. Part of prenatal care is appropriate education regarding prevention of injury, particularly blunt trauma, although proper seat belt use.
Social Violence. Interpersonal violence has been emphasized as an etiology of trauma only during the past few decades. Sexual or physical abuse occurs in up to 17% to 32% of pregnancies, and 60% of those abused reported multiple episodes of abuse (25, 26) . Abuse often begins or escalates during pregnancy or the immediate postpartum period. Most often the abuser is known to the patient, frequently her husband or partner. Such interpersonal violence is not a function of marital status, race, age, or economic status. All healthcare workers must be aware of this epidemic and must aid in reduction of such abuse, especially during pregnancy.
Use of Illegal Drugs During Pregnancy. Unfortunately, significant numbers of pregnant women who are injured have elevated blood levels of alcohol or other drugs. These substances contribute to automobile accidents as well as low birth weights.
Automobile Restraint Systems and Patient Education. Ejection from a moving automobile results in great injury to anyone in an accident. Restraint systems, both air bags and appropriately worn lap belts, decrease the incidence of injury and are considered to be safe for pregnant females. Education about how these lap belts should be worn-low at the pelvic brim and not on top of the gravid uterus-will aid in decreasing lap beltassociated injury (27) (28) (29) (30) . 
